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Abstract 
 Intensive hog operations generate large amounts of manure that must be dealt with in an 
environmentally responsible and economically practical manner.  Repeated applications of liquid 
swine manure within nearby hybrid poplar plantations recently has been proposed as an effective 
alternative manure management practice, given that these fast-growing tree species have high soil 
moisture and nutrient demands and, therefore, represent a tremendous sink for the applied effluent.  
The objectives of this two-year study were to: i) evaluate the effect of repeated broadcast 
applications of liquid swine manure on soil nutrient supply rates and growth of five hybrid poplar 
clones (CanAm, Hill, Katepwa, Walker, and WT-66V) and, ii) assess the relationship between 
growing season soil nutrient supply rates, measured using in situ burials of ion-exchange membrane 
(Plant Root Simulator™-probes), and growth of different hybrid poplar clones.  There was a limited 
effect of applied hog effluent on soil nutrient supply rates after the first year and hybrid poplar 
growth after two years, which is surprising considering the application rate was three times larger 
than the agronomic rate typically applied.  The limited measureable difference following manure 
addition may be attributable to a number of factors, including: substantial volatilization, microbial 
immobilization, increased leaching and denitrification losses, timing of manure application being out 
of sync with temporal nature of nutrient uptake by the trees, and a delayed growth response as 
absorbed nutrients are retranslocated within the trees.  Determining the effects of repeated 
applications of hog effluent on soil nutrient supply rates and subsequent tree growth should help to 
support effective management strategies, in terms of developing practical effluent management 
practices required to mitigate any adverse environmental effects, but also increasing plantation 
productivity and the concomitant non-wood product benefit of increasing biodiversity within the 
agricultural landscape. 
 
Introduction 
As the world population continues to increase exponentially, the need for a reliable and 
sustainable source of energy is becoming progressively more important.  In addition, given the 
volatility of oil supply and environmental issues concomitant with petroleum-based energy, it is 
readily apparent that an alternative renewable clean energy source is needed to meet future demands.  
Currently, the use of biomass-derived energy accounts for approximately 10% of the global energy 
requirement (Berndes et al. 2003), however, with growing desire worldwide for a secure and 
environmentally-friendly energy source, there is increased interest in developing biomass production 
systems for use as a dedicated or ‘purpose-grown’ feedstock for bioenergy production.  Canada is no 
exception, with its high per capita energy consumption and the majority of its energy demand used 
for transportation and building utilities (Cuddihy et al., 2005), Natural Resources Canada along with 
a number of Canadian provinces consider bioenergy to be a legitimate and sustainable source of 
energy that will constitute a significant portion of future energy production.  In particular, the 
previous Saskatchewan government has committed to deriving one-third of its electricity from 
renewable energy sources by 2030 and short-rotation intensive culture (SRIC) plantations will play a 
key role in meeting these targets.  Consequently, in 2005 the provincial government proposed an 
ambitious 1.6 million-hectare (i.e., 10 per cent of the province’s arable land) afforestation initiative, 
with the intention of addressing not only the expected increased demand for woody biomass as 
differential markets develop, but also to mitigate the increasingly precarious agricultural sector 
within the province.  The establishment of SRIC plantations, such as fast-growing hybrid poplar, 
therefore, represents a legitimate option for diversifying farmers trying to maintain an economically 
viable operation in the face of historically decreasing commodity prices, along with increasing input 
and transportation costs, especially in the northern regions where annual crops are grown on 
marginal agricultural soils.  Complimentary to this would be the utilization of these SRIC plantations 
to assist nearby intensive livestock operations with manure management, not only from a logistical 
perspective in terms of dealing with the large amounts of manure produced, but more importantly 
from an environmental perspective by preventing contamination of groundwater (due to leaching) or 
surface water (due to runoff), along with mitigating the release of deleterious greenhouse gases, such 
as CH4 and N2O.  The objectives of this two-year study, therefore, were to: i) evaluate the effect of 
repeated broadcast applications of liquid swine manure on soil nutrient supply rates and growth of 
different juvenile hybrid poplar clones, and ii) assess the relationship between growing season soil 
nutrient supply rates, measured using in situ burials of ion-exchange membrane (Plant Root 
Simulator (PRS)™-probes; Western Ag Innovations Inc., Saskatoon, SK) and growth of hybrid 
poplar.  Determining the effects of repeated hog effluent applications on soil nutrient availability and 
subsequent hybrid poplar growth should help to support practical effluent management practices, but 
also increasing plantation productivity and associated biodiversity within the agricultural landscape. 
 
Materials and Methods 
Study site 
The data for this study were collected from a hybrid poplar plantation established by AAFC-
PFRA adjacent to the Pasquia Pork Producers commercial hog facility, located near Arborfield (NE 
4 46 12 W2).  The topography of the site is very gently undulating (i.e., slopes less than two percent) 
and the soil and site characteristics are reported in Table 1. 
 
Experimental design 
The experiment is a randomized complete block design, including five hybrid poplar clones 
(CanAm, Hill, Katepwa, Walker, and WT-66V), and replicated three times (Figure 1).  Two years 
prior to manure application, the hybrid poplar clones were planted using a spacing of 2.0 x 6.5 m, to 
facilitate the accessibility of the manure application equipment.  Liquid hog manure was applied 
during the third growing season on June 25 (i.e., Year 1) and again the following year on July 19 
(i.e., Year 2), with an even 3 m spread (from the centre line of the tree row) at a rate of 14,000 L/ha, 
which is approximately three times the recommended agronomic rate.  The manure was applied on 
both sides of each row resulting in a 6 m band of broadcasted manure (Figure 2).  The height and 
stem diameter at breast height of the central 20 trees from the clonal plots, with and without manure 
application, were measured at the end of each growing season. 
  
 
 
 
 
 
 
 
 
Table 1. Selected Characteristics of the study site located near Arborfield, Saskatchewan. 
 Soil Characteristics*  Site Characteristics  Vegetation Management Practices 
 
Association Soil Type Texture pH EC (mS/cm) 
 
Prior Crop ACC† Rainfall
‡ 
(mm) 
 Pre-planting Post-planting 
  Mechanical Chemical Mechanical Chemical 
              
 
Eldersley 
Orthic 
Gray 
Luvisol 
clay-loam 
to loam 6.3 0.6 
 
wheat 2 
496 
(Year 1) 
 
393 
(Year 2) 
 
Tandem 
disc 
(x 2) 
- Treflan 
  (5 L/ha) 
 
- Sencor 
  (395 g/ha) 
-Tandem disc 
 
-Mowing 
- Glyphosate  
  (2.5 L/ha) 
 
- Linuron 
  (4 kg/ha) 
 
* For a complete description (i.e., map unit, parent material, stoniness, drainage, etc.) see Stonehouse and Ellis (1983). 
† Agriculture capability classification (Class 2: moderate limitations due to poor soil drainage issues). 
‡ During the period of PRS™-probe burials.
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Figure 1. Experimental design used to assess the effect of liquid hog manure on soil nutrient 
availability and subsequent growth of hybrid poplar clones (Source: Garth Inouye). 
Approximately 14,000 L/ha broadcast applied on June 25 (Year 1) and July 19 (Year 
2) after the fourth and fifth years, respectively.  PRS™-probe locations indicated. 
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 developing practical effluent management practices required to mitigate any adverse 
environmental effects, but also increasing plantation productivity and the concomitant non-wood 
product benefit of increasing biodiversity within the agricultural landscape. 
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